Abstract. Education for students with disabilities now takes place in a wide range of settings, thus, including a wider range of assistive tools. As a result of this, one of the most interesting application domains of technology enhanced learning is related to the adoption of learning technologies and designs for people with disabilities. Following this unstoppable trend, this paper presents MAS, a software platform aimed to help people with severe intellectual disabilities and cerebral paralysis in their learning processes. MAS, as a technology enhanced learning platform, provides several tools that supports learning and monitoring for people with special needs, including adaptative games, data processing and monitoring tools. Installed in a special needs education institution in Madrid, Spain, MAS provides special educators with a tool that improved students education processes.
Introduction
Training and support methods for people with intellectual disabilities are generally very staff intensive and thus quite expensive to the supporting agency [1] . Providing quality educational programs to students with profound disabilities presents a tremendous challenge [2] . Computer technology offers promising new approaches to reducing the dependence of people with mental retardation on others [1] . Though studies reveal [3] that it is how teachers adapt and utilize the technology that makes a difference and not the technology itself, technology offers new horizons for both educators and learners.
Several studies (e.g. [4] , [5] ) reveal that students with serious developmental disabilities frequently fail to develop speech and language skills. Assistive technology, including switches, alternative and augmentative communication (AAC) devices, and environmental controls, provides an alternative means for students to access their environments, exert control, express themselves, and learn simple tasks [6] . AAC refers to a compilation of methods and technology designed to supplement spoken communication for people with limited speech or language skills [7] .
In the field of technology, some studies have indicated that children with developmental disabilities can learn pointing [8] , [9] . However, people with severe disabilities generally have important difficulties to work with mouse devices [10] . Sometimes, special education teachers have difficulties to teach using mouses [11] . New tools need to be applied in such cases: assistive technology. It is proved that providing a variety of stimuli has been identified as a key component in teaching switch technology [12] . However, limited budgets may restrict the purchase of several reinforcing devices [13] . On the other hand, according to [1] one of the greatest advantages of using computer technology and multimedia for training is the ability to customize the training to meet the needs of the person.
A variety of commercially developed computer software programs are available to teach cause and effect via a single switch and switch interface [13] . The challenge to provide novelty is further compounded when children with severe and profound disabilities exhibit little or no interest in commercially available toys [13] .
This paper describes MAS, a software system to reinforce the learning process of people with cerebral palsy and cognitive disabilities through the use of interactive games and diverse devices in one unique solution. MAS is easy to use for both end users and intermediate users, is highly configurable and contemplates and provides tools to deal with some of the disabilities that, additionally, this group of people has usually, as coordination and movement difficulty, visual and hearing impairments. MAS is based in the fact reported by several authors (e.g [14] , [15] ) that effective reinforcers must be presented to the student in order to attract him or her to the tool. In order to do so, MAS is designed to fully configurable in its games, being able to include particularized multimedia clips or photos for each student.
The remainder of the paper is organized as follows. Section 2 outlines relevant literature in the area about the field of study. In Section 3, the architecture for the MAS approach is presented along with the description of the implementation of the architecture. Conclusions and future work are discussed in Section 4.
Background
Computer technology offers promising new approaches to reducing the dependence and improve the development of people with disabilities [1] . Siegel [16] pointed out that technology would not cure intellectual disability or even fully compensate for the difficulties encountered by persons with intellectual disabilities, but, information and communication technology can, however, improve their abilities to better integrate, changing also the way they learn [17] , and improving the lives of persons with disabilities [18] and facilitating participation in society [19] .
According to [20] , assistive technology devices to aid persons with disabilities can be technological (vibrating pager, Palmtop, PC) or nontechnological (picture prompts, activity schedules). Focusing on technological devices, Briant and Briant [21] pointed out that "For people without disabilities, technology makes things easier, for people with disabilities technology makes things possible".
Due the importance of assistive technology for people with disabilities, this research area has been summarized in many works. In [22] there is a review of the relevant literature regarding assistive technology as an instructional tool to assist college students with language disabilities, in [13] authors complete a literature review in the field of daily tasks, [3] provides an updated list of various types of assistive technology is provided of different kind of disabilities, and [23] presents a U.S. national survey of the use of assistive technology by adults with mental retardation.
There are several cases of successful use of assistive technology in children and teenagers education in fields like: Dyslexia [24] , Autism [25] or Visual Impairments [26] to cite but a few. Finally, in the field of people with intellectual disabilities, there are various works that deals with technologies such as palmtop computers [27] , [28] , video technologies [29] , [30] or high-tech AAC (see [7] for a full and recent review), to cite the more relevant ones.
MAS, following the philosophy of an adaptative toy, it is designed to be an assistive technology that supports the development of people with intellectual disabilities and cerebral paralysis.
MAS: Technology Enhanced Learning for Children with Severe Intellectual Disabilities and Cerebral Paralysis
There are many educational support software tools designed for young adults and children. However, these systems are in many cases difficult to use for children with intellectual disabilities, who, in many cases present also other kind of disabilities: impaired vision, hearing disabilities, etc. Moreover, each of these children presents one or many disabilities at specific grade levels. In this scenario, commercial software that is usually based on generalization is not a valid approach for people with disabilities that need fully configurable platforms, able to be adapted to their particular needs. MAS is a platform designed to support educational activities with a special target: people with intellectual disabilities and cerebral paralysis.
Overview Architecture
MAS is designed as an aggregation of three main modules as depicted in Figure 1 . These modules are: user management module, that allows to do the maintenance of users and their disabilities; games management module, that allow maintenance games (create, configure, personalize); and games zone, the module that allow play games and perform activities. Through User Management module, administrators can define and maintain particularities about students. This allows administrators to define disabilities, grades of disabilities and displays and inputs applicable (sweeps) for a given user. The final aim is to define the set of games and aids to be configured for the user.
Games management module is the one responsible of the matching between children needs and activities available. This feature is very important since some people with cerebral paralysis have difficulty to recognize pictures or photographs, and they need specific images to interact with the application. Educators must be aware that certain users can get a fright if listen certain sounds and to prevent this, using this Games zone is the one dedicated to play games. These games will be shown adapted to user's disabilities in order to let user interact with the game using specific inputs. Thus, this module reads personal configuration set up to provide the specific version of each game, bearing in mind user's disabilities, and specifics multimedia resources. This module is designed to serve also as a learning support system. To do so, the system automatically stores the time consumed by the user, the number of right and wrong answers, timestamp, the user, and many other data. This is a very important feature because it allows instructors check users' progress.
Implementation Issues
The implementation of the architecture as a whole has been based on Microsoft .NET Framework 3.5 SP1 using C#. Microsoft .NET provides a framework in which designing easy to use graphic user interfaces can be done in a quick and efficient way, and also a possibility to include eXtensible Application Markup Language (XAML) XML-based interface definitions for Windows Presentation Foundation (WPF) applications.
For the liaison between the business logical and the presentation layer, it is based on the Model-View-Controller design pattern, where the GUI layer corresponds with the view, the business logic layer corresponds with the controller, and the persistence layer corresponds with the model. The proof of the concept implementation includes Microsoft Access as desktop database management system.
Games
MAS prototype is able to deal with four kind of games:
• Cause-effect games: This kind of games presents an initial window displaying a video, playing an audio file, or showing an image. This multimedia resource will remain in the window until the user press mouse button (or performs a similar action via any equivalent device). When the system detects the action, a new window will be shown presenting other multimedia resource and waits until user performs new action.
• Sequence of images games. In this case, a sequence of images, videos or sounds is presented. This sequence helps users to get familiar with the elements that can be found in other games. There are two possibilities of interaction with the user: automatic transitions and transitions driven by user interaction.
• Image selection games: This kind of games is based in test games. Administrator writes questions using images, sounds and videos. Once the question is presented, user selects one or more images from a list: at least one of them is correct. If the user's response is correct, then he or she will receive reward, in the form of a video, audio or image.
• Ordering games: These games are based on questions, but in this case, the task is to arrange answers following a given criteria. One more time, if user's answers are correct, then user gets a prize, in the form of a video, audio or image.
It's important to point out that, due to the design of MAS, this tool can support new games and artifacts by configuration, without issuing a new version of the tool.
Conclusions and Future Work
In this paper MAS, a fully customizable platform to support the development of people with intellectual disabilities is presented. MAS is based on the use adaptive games and effective reinforcers (photos, multimedia clips, sounds, etc) to attract the student to the tool. The feedback of its implementation gives promising results. MAS was installed in a special needs education institution in Madrid, Spain, MAS provides special educators with a tool that, according to their comments and feedback, improved students education processes. Future works should be centered on extending MAS to the internet. Although the design of specific tools for the internet is still a challenge, this global network brings also opportunities to MAS. This new feature will bring the possibility to collect information from all over the world, bringing also the chance to compare results, learning processes, teaching styles and cultural differences.
